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Double Hough transform for estimating the
position of the mandibular canal in dental
radiographs
Darian Onchis-Moaca, Simone Zappalá, Smaranda Laura Goţia and Pedro Real
Abstract In this work, a multiple generalised anisotropic Hough transform (AGHT)
is used to detect the mandibular canal in dental panoramic radiographs.
The proposed method relies on a sequential application of the Hough transform that
we call double Hough transform. The recognition of the mandibular canal is based
on a double template matching compared with the clinical detection using the fact
that the shape of the mandibular canal is usually the same and it is situated inside
the mandibular bone.
The experiments performed on real orthopantomographic images shown that the risk
of false detection is significantly decreased, while the recognition is not affected by
occlusion and by the presence of additional structures e.g. teeth, projection errors.
1 Introduction
From a clinical point of view, the marking of the mandibular canal is useful in
detecting the nerve for inferior teeth called inferior dental nerve which is found
inside it.
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While there are many research studies trying to visually identify the mandibu-
lar canal eg. [Atieh(2010), Mehra and Pai(2012), Jhamb et al.(2009)Jhamb, Dolas,
Pandilwar and Mohanty] or to mark the canal by searching the whole image, like in
[Onchis et al.(2015)], in this paper, we propose a double application of the general-
ized anisotropic Hough transform, first used to detect a part of the mandibular bone
and to restrict the search area, followed by second application in the detection for
marking the mandibular canal. This procedure decreases the risk of false detection
of the mandibular canal by focalizing on the exact area where the canal is situated.
The method is based on template matching of a shape which can be found in other
zones of the dental radiography, representing other anatomical features.
The the Hough transform is a popular technique to extract features from an
image. The method was patented in 1962 [Hough Paul(1962)] for the detection of
lines in photographs. The functioning of the algorithm lies in a proper choice of the
parameters space for the set of lines on the plane.
In order to develop a method for the recognition of a generic template in an
image, [Ballard(1981)] used the following parameters for a shape:
a = {y,S,θ} (1)
where y = (xr,yr) is a reference point to represent the translations, S = (Sx,Sy) are
scale values for the orthogonal shearing deformations, and θ is an angle that repre-
sents the rotations.
The reference point y is described in terms of a table, called the R-table of the
template, of possible edge pixel orientations. The other parameters are described in
terms of transformations of the aforementioned table.
The key for generalizing the Hough transform is to use the directional informa-
tion. Given a template, i.e. a set of boundary points {xB}, a reference point y is
chosen. After the discretization of the straight angle through a uniform partition
{0,∆ t,2∆ t, . . . ,N∆ t}, for every boundary point the tangent direction φ(xB) is com-
puted, then r = y− xB is stored in the nth bin of the R-Table if mod (φ(xB),π) ∈
[(n− 1)∆ t,n∆ t) as in [Onchis et al.(2015)]. Given this simple structure, with the
use of rotation and shearing operators, i.e. rotθ and de fS, we can build the following
procedure to detect the template in the set of edge points of any image.
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Data: IMG: Image
R-T: R-Table of a template
{(S,θ)}: Set of scale and rotation parameters
WHERE:subregion of IMG
Result: Pattern Localization
Compute (xe,φ(xe)) edge points and their gradient;
for each (S,θ) do
for each xe do
Find n∆ t s.t. de fS(rotθ (φ(xe))) ∈ n∆ t;
for each r ∈ n∆ do
Compute y′(S,θ) = xe +de fS(rotθ (r)) ;
if y′ ∈WHERE then




Select y(S,θ) with higher occurrence ;
end
return y with higher occurrence;
Algorithm 1: Hough Recognition
In this way, we find the edge point that satisfy the non-analytic version of




(x,a) = 0 (3)
The space of occurrences for the reference point is called Accumulator Space.
Regarding complexity concerns of the algorithm, we point out that all of the 3 nested
for loops could be parallelised.
2 The recognition procedure
Problems with AGTH recognition may arise when we have to deal with real images
which could be corrupted by noise. That is the case of radiography where the struc-
ture of a bone is not well defined and where some part of the bone which can be
disguised with unwanted details.
The position of the mandibular canal is described by medical indications as follows:
the canal starts at the mandibular foramen in the middle part of the vertical ramus.
It continues through the mandibular bone and ends in the menton foramen between
apexes of the two inferior premolars.
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With this indicaton we can roughly compare the position of the canal against the
barycenter of the mandible. This is how the doctor’s mind work, by focusing on the
interest area representing the horizontal ramus of the mandibular bone (first Hough
transform) and recognizing a pattern which represents the mandibular canal (second
Hough recognition). This is the algorithm that we want to mimic.
As shown below, the shape of the canal can become misleading if we analyze radio-
graph of a patient who has lost some teeth.
Any surgical intervention in the mandibular area must prevent any nerve injury.
The injury of the nerve would result in prolonged local and lower lip anesthesia for
a minimum period of six weeks. Estimating the position of the mandibular canal
means knowing the position of the nerve and by this the surgeon can estimate the
risks and to adapt the surgical procedure to the individual case.
In our test, we used Figure 1 to extract the template of the canal. The recognition
Fig. 1: Typical panoramic radiography
performs well on the same panoramic radiography as it can be seen in Figure 4, but
the aforementioned image is in a critical situation: the patient has only one molar on
the right part of the mandible.
When the mandible is edentated, without any further restriction, the canal could not
be recognized anymore because the AGHT algorithm matches the template in Fig-
ure 2 with the top part of the alveolar process, the part of the bone where the teeth
should be. It happens because the process is detected with a thicker edge than the
canal, but has the same gradient direction and shape, so in the recognition process it
will have more importance. This undesired, unavoidable, matching has been soften
by using the modulus-π direction of the gradient: the canal, as modeled in Figure
2, looks like the empty space in an edentated mouth; by using the modulus we re-
move every information about the inside-outside of the model. This seems the best
choice for the case of the mandibular canal, a poorly defined region of the mandible
enclosed by a slightly brighter contour.
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This problem is related to how the AGHT is implemented: one of the weakness of
this transform is that the accumulation space does not carry any information about
the position in space of the template nor the mutual relation of different shape in the
image. We identify two ways to overcome this problem:
• Manual solution: the user should restrict the area to be investigated manually
through anatomical information given beforehand.
• Double-automatic solution: after a first, coarse and less accurate search for the
mandible template through AGHT, the area to be investigated for the mandibular
canal is automatically restricted.
We used the second method as described in the sequel.
3 The double Hough transform method
The canal template described in Section 2 has the following characteristics: it is a
connected, compact and simply connected region of the plane. Therefore, after the
binarization of the template, we can run a contour-following algorithm to detect the
boundary points. This way, one could reach the first purpose for the proposed pat-
tern recognition: to obtain an easy manipulable set of data samples.
The sorted array of boundary point that we obtain through a contour-following al-
gorithm is well suited for the double Hough transform. As mentioned before, we do
not need an accurate detection of the mandible, because this pattern belongs to the
high level set of structure in the hierarchy of the image. In this way we can easily
• Compute the gradient of a boundary point knowing its neighbourhood
• Subsample the high level templates in a set of equally spaced point
Fig. 2: Canal and its contour
The same technique cannot be applied directly to a panoramic radiograph. Edge
points of are the result of an high pass filter applied to the image.
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We find out that common edge detector filters such as Canny, Sobel, etc., fail. Ra-
diographs are spurious images which contain a great amount of unwanted details.
So, we concentrated our work on the choice of the good parameters for the detec-
tion of the edges of the teeth (for a good survey see [Gráfová et al.(2013)Gráfová,
Kašparová, Kakawand, Procházka and Dostálová]). This means the proper choice
of the variance in the Gaussian filter and the threshold parameter.
The processes of low pass filtering and thresholding, cancel the mandibular canal
from the image; so we have to create an ad hoc method for detecting the edges.
It can be seen from Figure 1 that mandibular canals are drawn by two bright gray
curved lines in a darker gray background; the good point is that the orientation of
the canal is steady. Therefore, the natural idea is to use a high pass anisotropic filter
mask adjusted on the shape of the mandibular canal.
To calculate the gradient needed in the implementation of the AGHT we used a
Sobel mask for both the boundary and the edge points to have consistency in the
calculation.
After the calculation of the barycenter of the template, for the construction of the
R-table we chose to store r = y− xB in Cartesian coordinates to follow the natural
discretization introduced by an image. This also helps us to understand the worst
case scenario: after the recognition process the accumulator space will be a matrix
with the same dimension of the image so we could print it on screen in grayscale
to understand how the error spread and which other shape can be disguised as a
mandibular canal.
We increment the accumulator space as in [Onchis et al.(2015)].
Fig. 3: Accumulator Space for Canal recognition
The last remark should be about the parameters expressed in (1). We have not
used the rotational parameter θ inasmuch as every panoramic radiography is taken
with the patient’s head fixed. The important parameter is S = (Sx,Sy) which helps
us to reconstruct the anatomical difference among human beings. In this way, it is
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possible to find the best deformed version of the template in Figure 2 that matches
the canal in the panoramic radiography under analysis.
We sum up in Algorithm 2 all the remarks we expressed in the previous section.
Data: IMG: Image
TMP C: Mandibular Canal
TMP M: Mandible
{(SCx ,SCy )} Possible Canal Scales
{(SMx ,SMy )} Possible Mandible Scales
Result: Template Localization
{xMB }=Contour-Following(TMP M);
R-T M = R-Table Build(subsample({xMB }));
yM=Hough Recognition(IMG,R-T M,{(SMx ,SMy )},IMG);
Select A M an Area around yM ;
{xCB}=Contour-Following(TMP C);
R-Table C = R-Table Build({xCB});
yC=Hough Recognition(IMG,R-T C,{(SCx ,SCy )},A M);
return yC
4 Results
In this section, we present the experimental results of the proposed algorithm.
The first test is to search for the template extracted from Figure 1 in the same image.
The overlapping is perfect even without the double technique. The same argument
can be brought forward for the flipped template, since there is no significant anatom-
ical difference between the left and the right side of the same patient.
The approach proposed in this paper is based on a Double-Hough transform,
named in this way because it searches for the whole mandible to find the area of
interest, then the AGHT recognition process for the canal is performed.
This process is possible because the canal lies in the center of the mandible,
so their reference points (their barycenters) are really close. After the detection of
reference points for the mandible yM = (xM,yM), we force the reference points of
the canal to be in the square window [xM−50,xM +50]× [xM−50,xM +50], with
underlining unit of measure the pixel (Figure 6 and 8).
It is easily observed in the Figure 9 that if the patient has all his teeth, the area-
restriction process is not mandatory for the canal recognition.
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Fig. 4: Perfect matching of the template on the original image. Optimal matching of the flipped-left
template
Fig. 5: Accumulator space for mandibular canal. Restriction to bottom-left part of picture 6
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Fig. 6: Hough recognition without area restriction.
Fig. 7: Accumulator space for mandibular canal. Double-Hough restriction
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Fig. 8: Double-Hough solution through area restriction.
Fig. 9: Recognition of the template in figure 2 with scale parameters (Sx,Sy) = (1.1,1.15)
5 Conclusions
In this work, we used the double AGHT for the detection of the mandibular canal in
a panoramic radiograph.We had to deal with different shapes which can be mistaken
with each other, such as the top of the mandible and the mandibular canal.
We wanted to restrict the area to be analyzed using medical information with an
automatic strategy.
Therefore, we used an automatic selection based on the mutual relation of different
patterns in an image.
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